Introduction

Mineral excavations and post-mining reclamation areas as a focal point of floristic studies
The Silesian region is of exceptional importance for rock mining. This is caused by a variety of rock masses of differing age presenting nearly the entire history of the Earth's crust development from the Precambrian Era. In the vast majority of cases, rock materials are excavated by means of strip mining. The so-called Opole District of Carbonate Mineral Excavation established in 1976 is an example of intensive excavation of carbonate minerals, leaving behind numerous strip excavation sites [1] and is based on Triassic and Cretaceous formations. The district includes 16 geologically documented deposits with several dozen quarries, out of which approx. 70% are now disused [2] .
Mineral excavations, both disused and currently exploited ones, are convenient habitats for numerous plant species [e.g. 3, 4] . Quarry flora and vegetation was researched in the United States, [5, 6] showing, among others, a range of rare and vanishing species (=sozophytes sensu Nowak A. [7] ) at national scale. In Germany, rare and receding species were observed in quarries by Mückschel [8] and other authors. In Silesia, research concerning mineral excavations has been conducted with moderate intensity. Such research was performed by Stojanowska [9] , Badora et al. [10] , Kompała-Bąba & Błońska [11] , as well as by Nowak A. [12, 13] and Kasowska [14, 15] and others. 
List of Crepis rhoeadifolia sites in
Distribution of historical and current sites in the Opole Province
In Opole Silesia, Crepis rhoeadifolia was observed very rarely in disused quarries, rendzina fields, in roadside areas, in the vicinity of limestone quarries near Gogolin [25, 26] , near Górażdże [26] , in Kamień Śl. and in Tarnów Opolski [26] [27] [28] [29] . After the year 1945, the taxon was observed only in 1969 in old quarries in Szymiszów and Gogolin [30] . As no information had been available about the occurrence of this species in Silesia for over 40 years, it was considered to be extinct in the region [31] . The plant is regarded vulnerable in the Czech Republic [32] . In Germany, it is considered as an extinct species in Saxony and vulnerable in Bavaria and Baden-Würtenberg [33] . In the year 2012, Crepis rhoeadifolia was rediscovered south of Nakło (CF06), between Nakło and Otmice (CF06), in Tarnów Opolski (CF06), west of Kamionek (CF16) and in Górażdże (CF16; Figure 1 ).
Experimental Procedures
Field studies were conducted on the potential occuppancy area of Crepis rhoeadifolia in Silesia, mainly within the limestone outcrops in central part of Opole Silesia, including natural and man-made habitats. Altogether 21 limestone excavation were investigated within the area delimited by Opole, Krapkowice, Gogolin, Góra św. Anny, Strzelce Opolskie and Izbicko ( Table 1) . Sites were studied with respect to habitat conditions and species composition of vegetation patches. The plot size used to sample vegetation was set in such a way as to represent full floristic composition. It varied from 20 to 25 m 2 depending on plant density and homogeneity of vegetation cover. For each vegetation plot all vascular plants were recorded according to the Braun-Blanquet cover-abundance scale. The 7-degree scale was used [34] . Syntaxa were classified according to Chytrý [35] and Jarolímek et al. [36] .
In order to find out differences in species composition of the vegetation patches with Crepis rhoeadifolia on the north-western edge of its geographical range, relevés collected during our research were compared with 88 relevés of different communities from (Figure 2 ). To find differences between the vegetation patches, all relevés were analyzed using the detrended correspondence (DCA) functions of the Canoco software package [37] . The nomenclature of the species are listed in Table 1 according to Mirek et al. [38] . Material collected was deposited in the herbarium of the Division of Geobotany and Plant Conservation of Opole University (OPUN).
Results
General distribution and structure of Dauco carotae-Crepidetum rhoeadifoliae in Poland
The Dauco-Crepidetum association has not been reported from Poland so far, despite the fact that sites of the main diagnostic species have been known for over 100 years. The rareness of the characteristic species and its regressive tendencies in Poland were certainly the reason for the failure to distinguish this unique association in Poland. The patches of the association which have been found in Silesia are situated in historical Crepis rhoeadifolia areas, i.e. in the region of carbonate outcrops in the area of Górażdże, Kamień Śląski, Nakło and Kamionek. The species structure of the association is presented in the analytical and synoptic tables (Tables 1,2 ). The main diagnostic taxon, i.e. Crepis rhoeadifolia, is present in each patch that has been found. Its share ranges from 1 to 25% of the relevé ares. Of the other diagnostic species listed in Chytrý's study [35] 
Habitat requirements of Dauco carotaeCrepidetum in Opole Silesia
Phytocoenoses of the Dauco-Crepidetum association develop in Opole Silesia only in anthropogenic habitats. All 8 sites of the associations were found in carbonate mineral strip mining areas. In Górażdże and Kamionek, these are fragments of reclaimed slopes of a large quarry that is still exploited. In Nakło, this is a wasteland after reclamation of an old disused quarry, and in Tarnów Opolski, it is a reclaimed spoil tip. In each case, the substrate consists of alkaline soil formations (pH from 8.1 to 8.6) characterised by a high content of stone fraction (limestone). The Górażdże site is characterised by a higher share of the sand fraction from areas adjacent to the quarry. In each case, the soil layer is shallow, from approx. 30-40 cm, with characteristics of a typical anthropogenic soil, with a high degree of dryness.
Dauco-Crepidetum phytocenoses develops in open areas with minimum tree and shrub cover or completely without. The association is quite clearly distinct from other communities of the Dauco-Melilotion, which can be clearly seen in the DCA diagram and in synoptic table (Table 2 ).The plots under cluster analysis located near each other in the central part of the diagram, are a group of samples with a similar species structure, developing in secondary sites with weaker human pressure. Such sites are formed in mining ground reclamation areas. This is also clear, that plots of Dauco-Crepidetum from Poland fully overlap with samples of Dauco-Crepidetum from Czech republic (Figure 2 ).
Discussion
Biogeographical considerations and synanthropisation status of DaucoCrepidetum rhoeadifoliae in Poland
From a biogeographical point of view, it is important to track species and plant communities occurring in sites that are very distant from the existing places of species occurrence. Such sites show that there are possible methods (e.g. bird migrations) of expansion (e.g. Crassula aquatica) or for maintaining contacts within a metapopulation, which is also of significant importance for endangerment assessment of a species [42] . It is currently difficult to decide whether the sites of Crepis rhoeadifolia and its association have always been natural in Opole Silesia, as suggested by Hegi [21] . Perhaps, taking into consideration detailed data concerning the sites of these species' occurrence towards the end of the 19 th century, Crepis rhoeadifolia was related to ruderal communities in the Opole region. This could be an example of ecological dispersion from grasslands in the south to ruderal communities in the northern area of the species' range. This zone does not include only Polish sites, but also Czech ones (the area of Prague and Brno; [35] ), where Crepis rhoeadifolia also occurs mostly in anthropogenic sites. Crepis rhoeadifolia may initially have occurred in Silesia in grasslands of the Mesobromion alliance, and only as a result of the shrinkage of the grassland area and the enlargement of ruderal habitats did it adapt to new habitat conditions.
At present, Dauco-Crepidetum rhoeadifoliae undoubtedly occurs only in anthropogenic sites in Silesia. Both in the area of the former occurrence of Crepis rhoeadifolia and in its vicinity, no specimens were observed in Festuco-Brometea grasslands or other seminatural phytocoenoses. A similar situation is currently observed along the entire north-western borderline of the species' range, i.e. in Germany, Austria, Poland, the Czech Republic and in Slovakia [21, 36, [43] [44] [45] [46] [47] [48] [49] . Crepis rhoeadifolia is a diagnostic species of Festuco-Brometea much further to the south, e.g. in Romania, despite the fact that it is listed there as a permanent element of communities belonging to the Dauco-Melilotion alliance [50] . Therefore, without any doubt, it needs to be concluded that the existing sites of Crepis rhoeadifolia and its association are synanthropic populations, which exist owing to human activity. As a result, the classification of Crepis rhoeadifolia as an endangered taxon and Dauco-Crepidetum as an endangered syntaxon and undertaking conservation actions is rather controversial. Legal protection of endangered species which suddenly appear in city centres or industrial areas in habitats which are different from their natural ones and in different communities gives rise to both practical and theoretical problems [51] . Certainly, such actions should be classified as biodiversity conservation rather than nature conservation. Conservation literature more and more often emphasises the importance of even typical "garden" biocoenoses in biodiversity protection [e.g. [52] [53] [54] . Undoubtedly, however, the thermophilous population of the Crepis rhoeadifolia species is a unique element of Silesian flora, and the Dauco-Crepidetum association is a very important, peculiarity among Poland's vegetation communities. Therefore, despite the controversial conservation status of the species, as a unique and very rare type of pioneer vegetation it deserves peer observations. In case of finding some plots on semi-natural character, within the FestucoBrometea swards, it seems to be reasonable to include such areas in legal protection system. Even on manmade habitats, within the mineral excavations it is worth considering the special kind of reclamation with leaving the area for natural succession without implementation of any technical measures. The observations of the species and the association should be continued, at least in the context of potential expansion caused by various factors, e.g. climate warming. Postulates pertaining to this problem as regards the monitoring of flora and communities have been put forward on numerous occasions and are regarded as an important aim of geobotanical studies [55] [56] [57] .
The role of anthropogenic habitats for regional plant cover
The results of numerous studies clearly show that anthropogenic sites fulfil the role of taxa and syntaxa refuges regarded as receding and rare in Silesia [31, 58, 59] . Out of 846 endangered species in Silesia, 575 species were observed in anthropogenic habitats (68%) [12, 13] . Anthropogenic sites form favourable conditions for the occurrence of all endangered groups of sozophyte flora. Both extremely rare and quickly receding taxa, as well as ones whose sites are still relatively numerous, can be observed here. In the patches under investigation, the occurrence of another receding species apart from Crepis rhoeadifolia was observed -Petrorhagia prolifera. The phenomenon of occurrence of rare taxa in anthropogenic sites is common all over Silesia, both in the mountains and lowlands. It is not completely certain whether the species found use unnatural habitats as their biotopes on a permanent basis. The example of Crepis rhoeadifolia shows that some of these species are not ephemerophytes in unnatural habitats. Since the times of German researchers [e.g. 26] until the present day, Crepis rhoeadifolia has occurred in the same man-made habitats. Therefore, because of evidence that supports its occurrence in semi-natural habitats like FestucoBrometea swards [21] , the species should be regarded as a typical apophyte adjusted to anthropogenic sites. Because the withdrawing of xerothermophilous swards within the Silesia [60] , Crepis rhoeadifolia comes over from their primary phytocoenoses to secondary ones belonging to Artemisietea vulgaris class. A Similar situation is observed in Czech republic and Slovakia [35, 36] . Analysis of the number of sozophytes in the individual synecological groups in Silesia and the dominance of xerothermic grasslands has attracted attention. At present, they do not occupy a large surface area in the region, but, of course, these phytocenoses do not belong to the rarest ones, especially in the Silesian Upland and the Sudety Foreland. Man-made habitats, mostly quarries, embankments, banks, slopes of roads and ditches, as well as spoil tips, are convenient locations for grassland development and settlement of receding and rare species. Such processes were frequently observed both in Poland and in other countries [8, [61] [62] [63] [64] . To a certain degree, the abundance of grassland sozophytes in anthropogenic habitats is also connected with the shrinkage of xerothermic grassland areas in Silesia [60] and, as a result, a high participation of grassland plants in the sozophyte group. This process has been observed for years. Crepis rhoeadifolia is considered to be a grassland taxon of Festuco-Brometea [20] . Thus, this is a classical example of grassland species spreading over anthropogenic ruderal sites. Grassland species on the outskirts of their natural range may have a tendency to enter syntaxa other than their native ones -i.e. phytocenoses of the class Artemisietea vulgaris. It is known that syntaxonomic affiliation, which is determined on the basis of literature data, mostly based on natural habitat research, is not retained in the process of sozophyte transfer to anthropogenic habitats [12, 13, 65] . Other examples of the transfer of receding and rare taxa to ruderal communities are also known, such as Sisymbrietalia (e.g. Plantago arenaria) and Artemisietea vulgaris (e.g. Aconitum variegatum, Alyssum saxatile, Potentilla recta, Achillea ptarmica), Agropyretea intermedio-repentis (Allium angulosum) and Onopordetalia acanthis (Dianthus armeria). This situation confirms, on the one hand, the high instability of phytocenotic systems in Silesia and, on the other hand, sozophyte resistance to selected stress factors (e.g. Aconitum variegatum in mowed roadside areas). The phenomenon of entering ruderal communities by endangered taxa should also have consequences during evaluation of threat category of those species. The higher adaptation potential of the plant, the lower endangerment category should be proposed.
